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Outline & Background

NASA, NOAA & USGS 
requested NRC to form 
panel to identify & prioritize 
observational platforms for 
launch & operation over the 
next decade.

2004 2007
NRC Decadal Survey 
Report released with 
recommendations of 
17 missions to be 
launched by 2020.

NASA HQ directed 
NASA centers to develop 
several mission concepts 
in preparation for the 
NRC report to Congress.

2008
NASA convened 
workshops for 
several Decadal 
Survey missions 
including GEO-CAPE 
in August.

GEO ocean color 
past Failures to Launch
SEI
ESEI
GOES-R

2009

NASA HQ 
directed the 
formation of 
mission Science 
Working Groups 
for GEO-CAPE

OCRT

KOREA set to 
launch FIRST 
GEO Ocean 
Color Imager

GEO-CAPE 
steering group 
issues Workshop 
Report in January.
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Korean Geostationary Ocean Color Imager 
(GOCI)
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GOCI Spectral bands
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GOCI-2 planned for 2015 launch

from Yu-Hwan Ahn (KORDI)
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GEOSTATIONARY COASTAL AND AIR POLLUTION EVENTS (GEO-CAPE) MISSION

GEOSTATIONARY COASTAL AND AIR POLLUTION EVENTS (GEO-CAPE)

Launch: 2013-2016 Mission Size: Medium

Identification of
human versus natural
sources of aerosols
and ozone precursors

Dynamics of coastal
ecosystems, river
plumes, and tidal
fronts

Observation of air
pollution transport in
North, Central, and
South America

Prediction of track of oil
spills, fires, and releases
from natural disasters

Detection and tracking
of waterborne
hazardous materials

Coastal health

Forecasts of air quality

credit:  NRC 2007



Decadal Survey Summary
GEO-CAPE Coastal Waters Science Objectives from NRC Decadal Survey:

•To quantify the response of marine ecosystems to short-term physical events, 
such as passage of storms and tidal mixing.

•To assess the importance of high temporal variability in coastal-ecosystem 
models.

- Both short-term and long-term forecasts of the coastal ocean require better 
understanding of critical processes and sustained observing systems.

•To monitor biotic and abiotic material in transient surface features, such as river 
plumes and tidal fronts.

•To detect, track and predict the location of sources of hazardous materials, 
such as oil spills, waste disposal, and harmful algal blooms.

•To detect floods from various sources, including river overflows.

Societal benefits from GEO-CAPE oceans mission
•Prediction of fisheries yield through improvement of models and model forecasting.
•Detection and tracking of hazards that relate to human health.
•Link data to models and decision-support tools and processes.
  e.g., to predict the occurrence and extent of hypoxic regions (“dead zones”)



MDI
Instrument

UV/Vis 
Spectrometer CO Detector

Study Team:
S. R. Kawa, A. Mannino, E. Middleton (GSFC, science leads)
M. Carr, C. Bruce (JPL) 
S. Janz, R. Knox (GSFC)
J. Fishman, D. Neal (LaRC)

• Payload of 3 instruments

• Medium-resolution (5km) spectrometer for 
atmospheric chemistry

• MDI - High-resolution (300m) regional scanning 
spectrometer for coastal & atmospheric research

UV-VIS-NIR 300-1139 nm + SWIR bands

• CO detector

• Geo-stationary orbit - 100°W

8ºx8

250 x 500 km scan/15 min

Geostationary Multidiscipline Observatory
      GSFC ISAL & IMDC - Engineering Study

•  4-6 weeks



Goddard Space 
Flight Center

“Use or disclosure of these data is subject to the restriction on the title page of this document”
9

Option to Reposition 
Geo Longitude and Latitude
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1000 nm spectral range at 5 nm resolution (132 channels), full-disk scan once every 3 hours, with

housekeeping, data pre-processing and a 3:1 lossless data compression scheme.  To hold 3 hours worth of

data, the on-board recorder must store at least 86.4 Gbits of data.  Downlink communications at 80 Mbps

(X-band) will take 18 minutes.  Considering the time zone difference from eastern Brazil to Hawaii, with some

portion of the field of view exposed to sunlight over 18 hours, a maximum of 18 daylight hours and 4

downlinks per day, the recorder capacity could be <95 Gbits.  The size of the power system is based on

NiH2 batteries and triple-junction GaInP/GaAs/Ge cells.

Figure 4.  A GEOCarb Explorer - Mission Orbit Design Options. (a) left panel: “figure-8” ground track, light blue,

from inclined geosynchronous orbit in mission Phase I; (b) right panel: near-geosynchronous orbit (32,194.76 km

altitude) with a ground track, light blue, that samples diurnal signals globally during mission Phase II for a 24-hour

cycle. The area where the spacecraft (square symbol) appears at least 40
o
 elevation is bounded by yellow outlines.

Instrument Study & Preliminary Design. The Goddard Instrument Syntheses & Analysis Laboratory

(ISAL) provides a rapid design capability for pre-Phase A instrument concepts in Earth and space

sciences.  In preparation for instrument concept evaluation through the ISAL in August 2003, we

developed detailed science traceability matrices for land and ocean/coastal carbon applications.  As a

result of this process it became clear that the design would involve a trade-off among the following

priorities:  (1) temporal frequency/diurnal coverage, (2) spectral resolution/band coverage, (3) Areal

Coverage, (4) Ground Sampling Distance (GSD) and (5) SNR.  The limited number of photons at GEO

meant that achieving an adequate signal would be difficult.  The preliminary design of the

geosynchronous hyperspectral imager is shown in Figure 5.  The preliminary ISAL studies indicated that

a large mirror would be needed to meet the SNR requested (500:1 for land, 1000:1 for oceans) for

continuous narrow bandwidths (5-10 nm), for ground resolutions between 100-200 m, over the 340-1000

nm spectral coverage on a continental-scale coverage 4-6 times per day.  However, we could revise those

initial requirements to obtain the very stringent SNR needed for coastal waters (out to 400 km from shore)

with a smaller mirror if we sum the 5 nm bands to 10 nm bands over coastal waters, thus optimizing the

optics and scanning scheme.  The preliminary instrument design was intended only to explore the

technological feasibility of meeting our instrument performance objectives in order to achieve our

mission science goals.  We are confident that with additional engineering studies focusing on optimizing

 Engineering studies needed to determine drift 
rates, fuel load, ground communication 
requirements.
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Table 1. Overarching Science Question:  What natural and anthropogenic processes affect and control atmospheric 
composition, air quality, water quality, and coastal ecosystems, and how will they respond to climate change? 
 

Science Questions Mission Objectives 

What are the emission patterns of the precursor 
chemicals for tropospheric ozone, aerosols, and air 
quality pollutants?  

Quantify the diurnal emission patterns of ozone and 
aerosol precursors, and air quality pollutants over North 
America and distinguish natural and anthropogenic 
contributions. 

How do the distributions of gaseous pollutants and 
particulate matter evolve throughout the course of the day 
and what are the chemical, transport, mixing, and 
deposition mechanisms that determine these 
distributions?    

Measure the diurnal evolution of atmospheric constituents 
as they are transformed and transported throughout the 
day over the continent and the surrounding ocean. 

What processes affect and control the biology and 
biogeochemistry of aquatic coastal zones, and how are 
they modulated by natural and anthropogenic forcing?   

Characterize variability in primary productivity, 
phytoplankton biomass, and carbon pools in the coastal 
ocean in conjunction with measurements of natural and 
anthropogenic forcing. 

How do weather and the episodic releases from fires, 
dust storms and volcanoes affect air quality, river 
discharge, water quality, and the ecology and 
biogeochemistry of coastal ecosystems and what are the 
feedbacks? 

Characterize changes in the atmospheric chemistry, 
hydrology, and coastal ocean biogeochemistry in response 
to weather events and episodic input. 

 



1. How are coastal algal blooms impacted by climate or 
environmental variability and change? What are the consequences 
of these impacts for fisheries, biodiversity, the ocean’s biological 
pump, carbon fluxes, the extent of oxygen minimum zones, and for 
ecosystem health? 

2. How and how fast do (harmful) algal blooms, oil spills, pollutants 
and other elements that could be detrimental to ecosystems 
disperse in the coastal ocean?   Hazards

3. What is the role of continental margins in the global cycles of 
carbon and nitrogen (including global primary productivity)?  
What are the sources/pathways, forms, and fates of carbon and 
nitrogen to rivers, estuaries, and continental shelves? What is the 
contribution of terrigenous organic matter exported to the coastal 
ocean and to the open ocean?

Ocean Science Questions



Workshop Report
Recommendations for Near-Term Studies

• Generation of datasets for analysis

• Measurement strategies and algorithm 
development

• Observing strategy

• Mission Requirements

• Access to space
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Science Questions 
 

Mission Objectives 

Measurement 
Requirements Mission 

Requirements 
Instrument 

Requirements 
Mission Concept 

What are the emission 
patterns of the 
precursor chemicals for 
tropospheric ozone, 
aerosols, and air quality 
pollutants? 

Quantify the diurnal 
emission patterns of 
ozone and aerosol 
precursors, and air 
quality pollutants over 
North America and 
distinguish natural and 
anthropogenic 
contributions. 

How do the distribu-
tions of pollutants and 
particulates evolve 
throughout the course 
of the day and what are 
the chemi-cal, 
transport, mixing, and 
deposition mechanisms 
that determine these 
distributions? 

Measure the diurnal 
evolution of 
atmospheric 
constituents as they are 
transformed and 
transported throughout 
the day over the 
continent and the 
surrounding ocean 

 
O3, NO2, HCHO, CO 
partial columns; O3 and 
CO with sensitivity in 
the planetary boundary 
layer (PBL); aerosol 
optical depth 
 
 

 
Coverage of North and 
South America and 
adjacent ocean at 
spatial scales of 10 km 
or better. 
 
Simultaneous 
constituent 
measurements 
 
Hourly or more frequent 
daytime coverage; 
nighttime sampling for 
CO 
 
 
 

High-precision 
radiometer/spectrometer 
with sufficient SNR. 
 
0.5 nm spectral resolution 
in the UV-VIS-NIR  
 
Thermal IR radiometer for 
CO and O3 measurements 
(is this redundant with first 
requirement?) 
 

Instruments in 
geostationary orbit 
continuously observe  
populous N & S 
America coast-to-coast; 
and upwind and 
downwind of continent. 
 
UV/Visible 
spectrometer measures 

O3, NO2, HCHO, SO2, 

and aerosol column 
density; plus CO, O3 
detectors for BL and 
free troposphere 

What processes affect 
and control the biology 
and biogeochemistry of 
aquatic coastal zones, 
and how are they 
modulated by natural 
and anthropogenic 
forcing? 

Characterize variability 
in primary productivity, 
phytoplankton biomass, 
and carbon pools in the 
coastal ocean in 
conjunction with 
measurements of 
natural and 
anthropogenic forcing. 

Multi-spectral UV-VIS 
water leaving 
radiances; column O3, 
NO2 and other 
absorbing trace gases 
and NIR-SWIR 
radiances for 
atmospheric 
corrections. 

Observe dynamic 
coastal regions during 
cloud-free viewing 
opportunities. 
 
Measure variability at 
hourly temporal 
resolution and spatial 
scales of ~ 250-500m. 
 
Monitor instrument 
stability and adjust 
calibration with solar, 
lunar, and surface 
observations.  

High-precision radiometer 
with SNR>1000:1 
 (340-1000nm) 
 
~1 nm resolution in the 
UV-VIS-NIR; SWIR bands:  
1240, 1640 and 2130 nm 
for atmos. corrections 
 
Radiometric stability of 
<0.1% band-to-band, 
polarization of <1% below 
700nm; 

Advanced ocean color 
remote sensing from 
geostationary orbit 
provides the temporal 
resolution needed to 
resolve variability in 
biology and 
biogeochemistry driven 
by multiple processes 
in coastal ocean (tides, 
winds, upwellings, and 
input from rivers and 
atmosphere).  

Appendix C – Draft Traceability Matrix 
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Science Questions Mission Objectives 
Measurement 
Requirements 

Mission Requirements 
Instrument 

Requirements 
Mission Concept 

How do weather, and 
the episodic releases 
from fires, dust storms, 
and volcanoes affect air 
quality, river discharge, 
water quality, and the 
ecology and 
biogeochemistry of 
coastal ecosystems, 
and what are the 
feedbacks? 

Characterize changes in 
the atmospheric 
chemistry, hydrology, 
and coastal ocean 
biogeochemistry in 
response to weather 
events, and episodic 
input. 

All of above 
atmospheric and 
oceanic measurements 

Continuous daytime 
coverage; ability to 
focus on regions 
affected by episodic 
weather events or input 
from fires or volcanoes. 

Same as above plus the 
ability to point or stare 
at focus areas of 
interest for extended 
periods of time. 

Atmosphere and ocean 
observations from 
geostationary orbit 
provide the temporal 
resolution needed to 
capture responses to 
storms and other 
episodic events. 
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Objectives
Develop mission Science Traceability Matrix (STM) for Coastal Oceans
• Define ocean science questions for GEO-CAPE mission
• Establish measurement requirements
• Advise HQ on required scientific studies 



We need input from this 
community.

What science questions 
should we tackle with 

GEO-CAPE?


